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Course Code: 8 


Course Title: Quantum Mechanics 
Total Hours: 60 


Learning Outcomes: Learning Outcomes: 
At the end of course students will able to: 

e Explain mathematical formulation of quantum mechanics. 

e Apply Schrodinger's equation to solve eigen value problems such as box 
potential, harmonic oscillator, hydrogen atom and quantum mechanical 
tunneling. 

e Formulate C G coefficients using angular momentum algebra. 

e Outline WKB method and bound states of potentials well. 

e Explain scattering theory for various kind of potential problems. 


Course Contents 


Unit-I 14 hours 

Mathematical Formulation and Postulates of Quantum Mechanics: 
Limitations of Classical Mechanics and foundation of Quantum Mechanics, 
Review of linear vector spaces and related algebra and Hilbert space, Dirac 
notation, Operators: Hermitian, Unitary & Projection operators, Matrix 
representations of kets, bras and operators, Change of basis, Basic postulates of 
quantum mechanics, Schródinger wave equation (time dependent and time 
independent), Expectation values, Commutation relations, Ehrenfest theorem. 
Generalized Heisenberg uncertainty principle, density matrix, Schrodinger, 
Heisenberg and Interaction pictures. 


Unit-II 16 hours 
Applications of Schrödinger Wave Equation: Solution of Harmonic oscillator 
using wave mechanics and matrix mechanics: matrix representation and eigen 
values of various operators, Anisotropic and isotropic harmonic oscillator, The 
box potential. 

Hydrogen Atom: Motion in central potential, Solution of Schrodinger equation 
for hydrogen atom. energy spectra of Hydrogen atom. 

Angular Momentum: eigenvalues and eigen vectors of orbital angular 
momentum, Spherical harmonics, Angular momentum algebra and 
commutation relations, Matrix representation of angular momentum, Stern- 


Gerlach experiment, Spin angular momentum: Pauli matrices and their 
properties. 


Unit-III 16 hours 
Addition of Angular Momenta: Addition of two angular momenta, 
Transformation between bases: Clebsch-Gordan Coefficients, Eigenvalues of J? 
and J;, Coupling of orbital and spin angular momenta. Wigner-Eckart Theorem 
(statement only) 

WKB Method and its Applications: General formulation of WKB method, 
validity of WKB approximation, Bound states of potential wells with zero, one 
and two rigid walls, Application of WKB method to barrier penetration and cold 
emission of electrons from metals. 


Unit-IV 14 hours 
Scattering Theory: Quantum Scattering theory, Scattering cross-section and 
scattering amplitude, Born scattering formula, Central force problem, Partial 
wave analysis, Phase shifts, Optical theorem, Low energy s-wave and p-wave 
scatterings, Bound states and resonances, Breit-Wigner resonance formula 
(statement only), Green's functions in scattering theory, Born approximation and 
its irr Scattering for different kinds of potentials, Scattering of identical 
particles. 


Transaction Mode: 
Lecture, demonstration, tutorial, problem solving. 


Suggested Readings: 
1. Zettili N.(2009). Quantum Mechanics-Concepts and Applications. Sussex, 
U.K: John Wiley & Sons Ltd. 


2. Merzbacher E.(2011). Quantum Mechanics. New Delhi, India: Wiley India 
Pvt. Ltd. 

3. Schiff L.I.(2010). Quantum Mechanics . Noida, India: McGraw-Hill 
Education. 

4, Venkatesan K and Mathews,P.M.(2010). A Textbook of Quantum 


Mechanics. Noida, India: Tata McGraw - Hill Education. 

5. Sakurai J. J.(2009). Modern Quantum Mechanics. India: Pearson 
Education. 

6. Griffiths D. J.(2015). Introduction to Quantum Mechanics, India: Pearson 
Education. 

7. Mahan G. D.(2009) Quantum Mechanics in a Nutshell. Princeton 
University Press. 


